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VDPSOHZDVILUVWFOHDQHGLQDFHWRQHXVLQJDQXOWUDVRQLFFOHDQHUGULHGDQGWKHQZHLJKHGXVLQJDQHOHFWURQLFEDODQFH
KDYLQJDUHVROXWLRQRIPJ7KHVDPSOHZDVQH[WIL[HGWRWKHVDPSOHKROGHURIWKHHURVLRQULJDQGHURGHGZLWK
VLOLFDSDUWLFOHVDWWKHSUHGHWHUPLQHGSDUWLFOHIHHGUDWHLPSDFWYHORFLW\DQGLPSDFWDQJOHIRUDSHULRGRIDERXWPLQ
7KHVDPSOHZDVWKHQUHPRYHGFOHDQHGLQDFHWRQHDQGGULHGDQGZHLJKHGWRGHWHUPLQHWKHZHLJKWORVV
 5HVXOWVDQG GLVFXVVLRQ
 3KDVHDQDO\VLV
7KH ;UD\ GLIIUDFWLRQ SDWWHUQ RI WKH &U&1L&U   VSUD\HG FRDWLQJ LV VKRZQ LQ )LJ $ JUHDW SHDN
FKDUDFWHULVWLFRIDVXEVWDQWLDODPRXQWRIHOHPHQWDOFKURPLXP&ULVREVHUYHGRQWKHFRDWLQJ$KLJKHVWSHDNVKRZV
SUHVHQFH RI SXUH FKURPLXP &DUELGH 7KH GLIIHUHQW LQWHQVLWLHV RI SHDNV &U& DUH SUHVHQW LQ WKH FRDWLQJ 0LQRU
&U1L RU1L&USHDNVFDQEHREVHUYHG7KH&U1L SHDNVDUHIRUPHGE\1L&UELQGHU LQ WKHSUHVHQWFRDWLQJ1L&U
ELQGHULVOLNHO\WRPHOWILUVWDQGGLVVROYHVRPHFKURPLXPFDUELGHWRIRUPDOLTXLGSKDVH&U1LZKLFKPD\EHULFK
LQWKH&UDQG&LWPD\EHFRPHVXSHUVDWXUDWHG7KLVVXSHUVDWXUDWHGPHOWPD\EHFRPHDPRUSKRXVRUQDQRFU\VWDOOLQH
XSRQUDSLGVROLGLILFDWLRQGXULQJWKHGHSRVLWLRQSURFHVV$OVRDYHU\VPDOODPRXQWRI&U2 ZDVGHWHFWHGLQ+92)
FRDWLQJZKRVHUHODWLYHSHDNLQWHQVLW\ZDVOHVVWKDQ,WLVWREHQRWHGWKDWVXFKR[LGHZDVSUHVHQWHYHQLQWKH
SRZGHU +RZHYHU WKH UHODWLYH SHDN LQWHQVLW\ IRU &U2 ZDV VOLJKWO\ KLJKHU LQGLFDWLQJ WKH R[LGDWLRQ RI PROWHQ
SDUWLFOHVDQGSRVVLEO\VRPHFDUELGHSDUWLFOHVRFFXUUHGWRDVPDOOH[WHQWGXULQJWKH+92)SURFHVV
7DEOH3DUDPHWHUVXVHGLQ(URVLRQWHVW
3DUDPHWHUV 2SHUDWLQJUDQJH
3DUWLFOHYHORFLW\9PV 
7HPSHUDWXUH7& 
,PSDFWDQJOH Į ƕ DQG
(URGHQW6LOLFDRU$OXPLQDJPLQ 
7HVWWLPH W LQPLQXWHV 
(URGHQW/RDGLQJ / .J 
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7KHLQWHQVLW\RI&U2 SHDNLVDOVRIRXQGWRLQFUHDVHKHDWWUHDWPHQWDW & $EURDGPD[LPXPSHDNLQWKHUDQJH
RI  WR  WZR WKHWD ș VHHPV WR LQGLFDWH DQ DPRUSKRXV SKDVH LQ WKH GHSRVLW 7KHUHIRUH LW LV FRQVLGHUHG WKDW
QLFNHO±FKURPLXPDOOR\DQGVRPH &U& DUHPHOWHGDQGVRPHDPRUSKRXVSKDVHIRUPV+92)VSUD\HG&U&1L&U
FRDWLQJVH[KLELWDQDSSUHFLDEOHKDUGQHVV GXHWR &U&DPRQJRWKHUFKDUDFWHULVWLFV
 (URVLRQ :HDU%HKDYLRXURI&RDWLQJV
7KHHURVLRQWHVWZDVFDUULHGRXWDWKLJKWHPSHUDWXUH&DWLPSDFWDQJOHVRIDQGDWDJLYHQJDVIOXLG
YHORFLW\ XVLQJ D KLJKWHPSHUDWXUH HURVLRQ  WHVWHU +92) VSUD\HG FRDWLQJV &U&1L&U LPSURYH WKH HURVLRQ
UHVLVWDQFHRIWKHVXEVWUDWHHIIHFWLYHO\&RDWLQJ&U&1L&U KDVJRRGHURVLRQUHVLVWDQFHGXHWRLWVKLJKKDUGQHVVDQG
PRGHUDWH WRXJKQHVV (URVLRQ ZHDU LV D V\VWHPDWLF SHULRG DQG HYHU\ V\VWHP SDUDPHWHU LQIOXHQFHV LWV EHKDYLRXU
$PRQJ WKHVHSDUDPHWHUVWKHKDUGQHVVDQGWRXJKQHVVRIWKHWDUJHWDUHWKHPRVWLPSRUWDQW$JRRGHURVLRQUHVLVWDQW
WDUJHWPXVWEH WRXJKDQGKDUG 7KHHURVLRQ WHVWVZHUHFRQGXFWHG WRREWDLQ WZR W\SHVRIHURVLRQGDWDQDPHO\ WKH
HURVLRQPDVVORVVDQGWKHHURVLRQUDWHVIRUWKHKLJKHULPSDFWDQJOHVRIVDPSOHV$%DQG&FRDWLQJVOLVWHGLQWDEOH
7KHHURVLRQUDWHLVGHILQHGDVWKHUDWLREHWZHHQWKHFKDQJHLQWKHVDPSOHPDVVDQGWKHPDVVRILPSDFWLQJSDUWLFOHV
,Q HDFK F\FOH WKH VSHFLPHQZDV LPSDFWHG E\ D SUHZHLJKHG LQFUHPHQW RI SDUWLFOHPDVV$IWHU HDFK SDUWLFOHPDVV
LQFUHPHQWKDGLPSDFWHGWKHVDPSOHLWVVXUIDFHZDVFOHDQHGWKHVSHFLPHQZDVZHLJKHGDQGWKHFKDQJHLQVSHFLPHQ
ZHLJKWZDVUHFRUGHG7KHHURVLRQUDWHIRUHDFKVXFFHVVLYHSDUWLFOHLQFUHPHQWZDVGHWHUPLQHGIURPWKHUHODWLRQ
  ሺ ሻ ൌ ሺ ሻ 
:KHUH:HLJKWORVVZ ,QLWLDOZHLJKW )LQDOZHLJKW
7KHFXPXODWLYHPDVVHURVLRQWHVWVZHUHFRQGXFWHGRQO\DWWKHLPSDFW DQJOHVFRUUHVSRQGLQJWRPD[LPXPHURVLRQ
)LJ&RPSDULVRQRI(URVLRQ5DWHYV'LIIHUHQW,PSLQJHPHQWDQJOHVIRUWKUHH&RPSRVLWLRQVRIVDPSOHV$%DQG&
)LJ;5'SDWWHUQVDQGSURILOHPDSSLQJIRU&U&1L&U
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7KHDLPRIWKLVZRUNWRVWXG\WKHRQO\KLJKHULPSDFWDQJOH PLFURVWUXFWXUHVJLYHVEHWWHUUHVXOWVDQGVXJJHVWV
WKDWWKHFRDWLQJPDWHULDOEHKDYHVQHLWKHUDVSXUHO\GXFWLOHRUQRUSXUHO\EULWWOH
7DEOH5HVXOWRI(URVLRQWHVWIRU+LJKHULPSDFWDQJOHV  DWDWHPSHUDWXUHRI &YHORFLW\PVHFDQGWLPHNHSWFRQVWDQW0LQ
&RDWLQJ +LJKHU,PSDFW$QJOH
Į GHJUHH
,QLWLDOZHLJKW
ZJ
)LQDOZHLJKW
ZJ
:HLJKW/RVV
ZJ
(URVLRQUDWH
PJJ î
$     
%     
&     
)URP WKH)LJ JUDSKREVHUYHG WKDW HURVLRQ UDWH LV JUDGXDOO\ LQFUHDVHVZLWK LQFUHDVH LQ LPSLQJHPHQW DQJOH IURP
WR  WKHQ LW LVGHFUHDVHVDV LPSLQJHPHQWDQJOH LQFUHDVHV LW LVFRQFOXGHG WKDW WKHHURVLRQUDWH LVPD[LPXPDW
LPSLQJHPHQW DQJOH  DQG PLQLPXP DW  LPSDFW DQJOH (URVLRQ WHVWLQJ RI WKH VSUD\HG FRDWLQJV IRXQG WKDW
GHFUHDVLQJWKHFDUELGHFRQWHQWDQGRYHUDOOKDUGSKDVHFRQWHQWR[LGHVDQGFDUELGHVGHFUHDVHGWKHHURVLRQUDWHIRU
LPSDFW,QDGGLWLRQIRULPSDFWWKHHURVLRQUDWHUHPDLQHGIDLUO\FRQVWDQWUHJDUGOHVVRIFDUELGHRUKDUGSKDVH
FRQWHQW7KHWKUHHFRPSRVLWLRQVRIFRDWHGVDPSOHV&U& 1L&U JLYHVEHWWHUUHVXOWVIRUERWK DQG  WKDQDW
DQJOH,QWKHERWKFDVHVKLJKHURVLRQUDWHRFFXUDWDQG
 0LFUR6WUXFWXUDO&KDUDFWHUL]DWLRQRI(URGHG6XUIDFHV
 0LFURJUDSKVRI(URGHGVDPSOH$DW  LPSLQJHPHQWRI&U&1L&U&RDWLQJ
)LJDEFLQWKHFDVHRIHURVLRQDW KLJKHULPSDFWDQJOHLQGHQWDWLRQLPSUHVVLRQVGXHWRWKHLPSLQJHPHQWRI
HURGHQWRQWKHVXUIDFHDUHFOHDUO\VHHQ,QGXFWLOHHURVLRQRQHRIWKHFRPPRQPHFKDQLVPVLVWKHPDWHULDOUHPRYDO
IURPWKHOLSVWKDWDUHIRUPHGDURXQGWKHLPSDFWFUDWHUVGXHWRVWUDLQORFDOL]DWLRQ:RUQVXUIDFHPRUSKRORJLHVLPSDFW
DQJOHRI &U&1L&U FRDWLQJVKRZVWKHFKLSSLQJW\SHFUDWHUVRZLQJWRWKHDFWLRQRILPSDFWLQJSDUWLFOHV
7KHLPSDFWFUDWHUVZHUHDFFRPSDQLHGE\PXFKSODVWLFDOO\GHIRUPHGPDWHULDODURXQGWKHLUULPV5HPRYDORIPDWHULDO
DSSDUHQWO\ UHVXOWHG IURP IRUPDWLRQ RI SURWXEHUDQW GHIRUPHG OLSV DQG WKHLU VXEVHTXHQW IUDFWXUH E\ WKH LPSDFWLQJ
SDUWLFOHV%\FRPSDULVRQLPSDFWFUDWHUVRQZRUQVXUIDFHRI &U&1L&U FRPSRVLWHFRDWLQJDUHREYLRXVO\
VPDOOHU LQVL]H DQGGHSWKWKDQWKRVHRI LPSDFWDQJOH WKHUHE\LPSURYLQJWKHHURVLYHUHVLVWDQFHRIWKHVXEVWUDWH
)LQH VXUIDFH DQG VXEVXUIDFH VPDOO FUDFNV RFFXUUHG DW WKH PDUWHQVLWLF JUDLQV GXULQJ KLJK LQFLGHQW DQJOH HURVLRQ
LQGXFHGE\WKHUHVROYHGQRUPDOVWUHVV&UDFNLQJWKHUHIRUHZDVRQHRIWKHPDMRUPHFKDQLVPVLQYROYHGLQUHSHWLWLRXV
HURVLRQ IUDFWXULQJ IRU DOO WHPSHULQJ WUHDWPHQWV 6KRUW JURRYH DQG VPHDU FUDWHUV IURPKLJK LQFLGHQW DQJOH HURVLRQ
7KHVXUIDFHIHDWXUHVRIWKHFHQWUHRIWKHVPHDUFUDWHUDUHDOVRGRPLQDWHGE\JUDLQHMHFWLRQDQGVRPHODUJHUVFDOHG
IODNHVRIGHIRUPHGPDWHULDOVDVVHHQLQ)LJ DELWLVHYLGHQWIURPWKH%6(LPDJHLQ)LJFDQGGWKDWWKHVH
IODNHV FRQVLVW SULPDULO\ RI GHIRUPHG WDUJHW FKURPLXP ZLWK WUDFHV RI VPHDUHG HURGHQWPDWHULDO LQ VRPH UHJLRQV
7KHVHDQJOHVLQGXFHGUDQGRPGDPDJHGPDUNVPDUNHGVN\EOXHORQJDUURZ )RUWKHWZRSKDVHPDWHULDOWKHJUDLQ
ERXQGDU\SURYLGHVWKHFUDFNLQJVLWHGXULQJHURVLRQLPSDFW
 0LFURJUDSKVRI(URGHGVDPSOH%DW  LPSLQJHPHQWRI&U&1L&U &RDWLQJ
7KHPLFURJUDSKVRIVDPSOH% )LJHIJKLPSDFWDQJOHRIPRUSKRORJLHV LOOXVWUDWHVVLPLODUFUDFNHGDQG
FKLSSHGPRUSKRORJ\LQGLFDWLQJWKHVDPHEULWWOHHURVLRQPHFKDQLVPRFFXUUHG(URVLRQZDVWDJHVRFFXUUHGE\ODUJH
FUDFNLQJ DQG FKLSSLQJPHFKDQLVPRI IUDFWXUHG DQG ORRVHQHGSLHFHV WKH VL]HRIZKLFK LV GHWHUPLQHGE\ WKH VSODW
VL]HVRIFRDWLQJV&UDFNLQJLVWKRXJKWWRIRUPILUVWDW³VSODWERXQGDU\´GXULQJLPSDFWRISDUWLFOHV8QGHUFRQWLQXDO
LPSDFW RI SDUWLFOHV WKH UDGLDO DQG ODWHUDO FUDFNV GHYHORSHG WKHQ IUDFWXUHG DQG ORRVHQHG SLHFHVZHUH FKLSSHG RII
)LQDOO\ PDQ\ VPDOO YRLGV DQG SLWV IRUPHG 7KH HIIHFW RI WKH LPSLQJHPHQW DQJOH RQ WKH PDWHULDO UHPRYDO
PHFKDQLVPVLVFOHDUO\GHPRQVWUDWHG,WLVHYLGHQWWKDWDWVKDOORZLPSLQJHPHQWDQJOHVHURVLRQGDPDJHLVGRPLQDWHG
E\ERWKJUDLQHMHFWLRQDQGSODVWLFGHIRUPDWLRQRIWKHPDWHULDOV)XUWKHULQWKHSODVWLFDOO\GHIRUPHGDUHDVJURRYHVRU
SORXJKPDUNVDUHRIWHQREVHUYHG7KHSODVWLF JURRYHVLQPDQ\LQVWDQFHV VLPLODUWRVFUDWFKHVSURGXFHGRQFKURPLXP
VXUIDFHV +RZHYHUWKHHURVLRQFUDFNVZHUHREVHUYHGIRUORZLPSDFWDQJOHVDQG WKHFRDWLQJSRVVHVVLQJWKH
LUUHJXODUZHDNVWUXFWXUHGLVSOD\HGWKHKLJKHVWHURVLRQZDVWDJH
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)LJ0LFURJUDSKVRI(URGHG&U&1L&UFRDWLQJVDW LPSLQJHPHQW0LFURJUDSKDEFDQGGIRUFRDWLQJ$0LFURJUDSKHIJDQGK
IRUFRDWLQJ%0LFURJUDSKLMNDQGOIRUFRDWLQJ&
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 0LFURJUDSKVRI(URGHGVDPSOH&DW  LPSLQJHPHQWRI&U&1L&U&RDWLQJ
7KHPLFURJUDSKVRIVDPSOH &HURGHGLPSDFWVXUIDFHV VKRZVWKHFRUUHVSRQGLQJDUHDVRIWKHVDPHPDWHULDOVHURGHGDW
VDPSOHV% LPSDFW DQJOHV )LJ  L M N O LPSDFW DQJOH  RI PRUSKRORJLHV LOOXVWUDWHV VLPLODU FUDFNHG DQG
FKLSSHGPRUSKRORJ\$OVR WKHHURGHGVXUIDFHV LQFOXGH PRUHQXPEHURI&U2GLIIHUHQW W\SHVRIFUDFNVDQG WLQ\
SRUHV 6RPH RIWKHFUDFNVH[WHQGHGIURPWKHVXUIDFHWRWKHVXEVXUIDFHZKLOHRWKHUVRULJLQDWHGIURPWKHVXEVXUIDFH
7KHVH FUDFNV EHFDPH FRQQHFWHG ZKLFK FDXVHG WKH PDWHULDO WR EUHDN GRZQ IXUWKHU )LQH VXUIDFH DQG VXEVXUIDFH
FUDFNV RFFXUUHG DW WKH PDUWHQVLWLF JUDLQV GXULQJ KLJK LQFLGHQW DQJOH HURVLRQ LQGXFHG E\ WKH UHVROYHG QRUPDO
VWUHVV7KHVDPSOH&LVRSSRVLWHO\WRWKHVDPSOH$WKHFRDWLQJKDGWKHFRDUVHVWVWUXFWXUHDQGZHDNHVWVSODWERXQGDU\
ZKLFK UHVXOWHGLQLWVKLJKHVWHURVLRQZDVWDJHDQGURXJKVXUIDFHPRUSKRORJ\
 &RQFOXVLRQV
:HFRQFOXGHLQWKLVRXUZRUNWKHHURVLRQUDWHZDVGHFUHDVHZLWKLQFUHDVHLQFRQWHQWRI1L&UPHWDOOLFELQGHUDQG
GHFUHDVH LQ SRURVLW\ RI WKH FRDWLQJ E\ XVLQJ+92) PHWKRG $ FRPSDULVRQ RI WKHPRUSKRORJLFDO IHDWXUHV RQ WKH
HURGHG VXUIDFHV RI WKH KLJKSXULW\&U&1L&U 6DPSOH VXEMHFWHG WR ORZ LPSDFW DQJOHV   DQG  
SRVVHVORZHURVLRQUDWHWKDQVDPSOH%DQG&
¾ +92)VSUD\HG&U&1L&UFRDWLQJV RIIHUH[FHOOHQWFRUURVLRQDQGR[LGDWLRQUHVLVWDQFH
¾ )URPWKHJUDSKREVHUYHGWKDWHURVLRQUDWHLVJUDGXDOO\LQFUHDVHVZLWKLQFUHDVHLQLPSLQJHPHQWDQJOHIURP
 WR  WKHQ LW LV GHFUHDVHV DV LPSLQJHPHQW DQJOH LQFUHDVHV LW LV FRQFOXGHG WKDW WKH HURVLRQ UDWH LV
PD[LPXPDWLPSLQJHPHQWDQJOH DQGPLQLPXPDW  LPSDFWDQJOH
¾ +LJKWHPSHUDWXUHHURVLRQUHVLVWLQJSHUIRUPDQFHDQGGXUDELOLW\RIWKH+92)VSUD\HGFRDWLQJZHUHVXSHULRU
WRWKHRWKHUNLQGRIVSHFLPHQVH[DPLQHG
¾ 3ULRUKHDWWUHDWPHQWRI &U&1L&UDW& HQKDQFHVWKHHURVLRQUHVLVWDQFH7KHLPSURYHPHQW
LQHURVLRQLVIRXQGWRKDYHVWURQJGHSHQGHQFHRQLPSDFWDQJOH
¾ 6LPLODUO\ HURVLRQ ZHDU UHVLVWDQFH DOVR LQFUHDVHG ZLWK LQFUHDVLQJ ELQGHU FRQWHQW 1L&U DGGHG WR WKH
FKURPLXPFRDWLQJ7KLVEHKDYLRXUFDQEHHDVLO\SUHGLFWHGZLWKWKHKHOSRIIDFWRJUDSK
5HIHUHQFHV
%DLN . + 0DWHU7UDQVYRO SS ±
%DUEH]DW*1LFROO$ 5$6LFNLQJHU $EUDVLRQHURVLRQDQGVFXIILQJUHVLVWDQFHRIFDUELGHDQGR[LGHFHUDPLFWKHUPDOVSUD\HG FRDWLQJV
IRUGLIIHUHQWDSSOLFDWLRQV :HDU YRO  SS ±
%HQHVRYVN\ ) 6FKZDU]NRSI 3 .LHIIHU 5  5HIUFWRU\ KDUG PHWDOV ERULGHV FDUELGHV QLWULGHV DQG VLOLFDGHV
1HZ<RUN
%DUEH]DW* .DULPL$9HUGRQ &K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